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ABSTRACT Introduction: Excessive daytime sleepiness affects an estimated 20% of the general population. While
the prevalence of sleepiness in the military is largely unknown, it is well established that short sleep duration is
endemic. The reasons for this include: the demanding nature of their duties, shift work and 24-hour duty periods,
deployments and exigencies of military service as well as sleep disorders. The Epworth Sleepiness Scale (ESS) is the
most widely used sleep questionnaire and provides a self-assessment of daytime sleepiness. To date the clinical utility
of this questionnaire in differentiating sleep disorders in military patients with sleep disorders has never been evaluated.
Materials and Methods: The primary aim of this manuscript was to assess if Epworth Sleepiness Scale (ESS) scores
differed between military personnel with insomnia, obstructive sleep apnea (OSA), comorbid insomnia/obstructive
sleep apnea (COMISA), and a group with neither insomnia nor obstructive sleep apnea (NISA). This study assessed
the clinical utility of the ESS in differentiating sleep disorders amongst a sample (N = 488) of U.S. military personnel
with insomnia (n = 92), OSA (n = 142), COMISA (n = 221), and a NISA group (n = 33) which served as the control
population. Results: In the present sample, 68.4% of service members reported excessive daytime sleepiness (EDS)
with an ESS > 10. ESS scores differed between military personnel with COMISA (13.5 ± 4.83) and those with OSA
only (11.5 ± 4.08; p < 0.001) and the NISA group (9.46 ± 4.84; p < 0.001). Also, ESS scores differed between
patients with insomnia only (13.0 ± 4.84) and the NISA group (p < 0.01). Conclusions: Overall, the ESS had poor
ability to differentiate sleep disorders. In military personnel, the ESS appears elevated in the most common sleep disor-
ders, likely due to their insufficient sleep, and does not help to differentiate OSA from insomnia. Further studies are
required to validate this questionnaire and determine an appropriate threshold value for abnormal sleepiness in the mili-
tary population.
INTRODUCTION
Excessive daytime sleepiness (EDS) affects an estimated
20% of the general population.1 This symptom has been
linked to impaired psychological and cognitive functioning,
reduced work performance, work-related injuries, motor
vehicle accidents, and increased utilization of the healthcare
system.2–4 While the prevalence of sleepiness in the mili-
tary is unknown, it is well established that short sleep dura-
tion is endemic.5–7 Further, military personnel have a high
prevalence of disturbed sleep, and as reported in the Rand
Report, Sleep in the Military, 48.6% reported poor sleep
quality. The reasons for this include: the demanding nature
of their duties, shift work and 24-hour duty periods, deploy-
ments and exigencies of military service as well as sleep
disorders.2,8,9
In the clinical setting, EDS as well as comorbid sleep dis-
orders are often assessed by utilizing the Epworth Sleepiness
Scale (ESS). The ESS is an 8-item questionnaire that was ini-
tially developed to estimate sleep propensity, specifically
how likely an individual is to fall asleep during the day. As
clinical utility of the ESS has evolved, it is now commonly
used to screen for and distinguish between individuals with
versus without obstructive sleep apnea (OSA).10 It is self-
administered and estimates a patient’s likelihood of falling
asleep in various situations.11,12 A score of >10 is consistent
with abnormal sleepiness13 though there are a number of
sleep disorders which can result in EDS in military personnel.
In conjunction with short sleep duration, insomnia is the
most common sleep disorder in both military and civilian
populations2,14,15 and is characterized by difficulty initiating
or maintaining sleep with resultant daytime impairment.11
Extant research on ESS scores amongst civilian patients with
insomnia have indicated a lower range of ESS scores (i.e.,
range between 2.2–5.7)16 than other sleep disorders (i.e.,
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OSA or narcolepsy). Obstructive sleep apnea is characterized
by repetitive pauses in breathing frequent arousals, and frag-
mented sleep which contribute to EDS. In civilian studies of
OSA patients, ESS scores are consistently higher (i.e., range
between 9.5–16.2)16 than those seen amongst the insomnia
population. Insomnia and OSA frequently co-exist and mani-
fest as a more severe sleep disorder.17,18 There is however,
limited data on ESS scores in patients with comorbid insom-
nia and sleep apnea (COMISA). In one study of military per-
sonnel, COMISA was the most frequently identified sleep
disorder, manifesting in 38.2% of service members, with a
Mean score of 12.8 ± 5.7 on the ESS.19
At the present, the ESS has been validated in multiple
populations.12,20–23 and is currently the most widely used
sleep questionnaire, with over 11,000 citations.24 This ques-
tionnaire is frequently used in the military healthcare system
in both the primary care setting and sleep disorders centers;
however, to our knowledge, the clinical utility of the ESS in
differentiating sleep disorders has never been evaluated. In
the present study we sought to determine if the ESS had clin-
ical utility in its’ ability to differentiate amongst the most
commonly diagnosed sleep disorders in military personnel.
Specifically, our primary aim was to assess if ESS scores dif-
fered between military personnel with insomnia, OSA,
COMISA or no clinically significant sleep disorder. Our
hypothesis was that military personnel with insomnia or no
clinically significant sleep disorder would have lower ESS
scores than military personnel with either OSA or COMISA.
METHODS
A retrospective review was conducted on 500 military person-
nel (Fig. 1) who were referred for evaluation to an academic
military sleep disorders center between January 2016 and
December 2016. After excluding 12 patients due to missing
data elements, analysis was based on 488 patients (105
females, 383 males). Data elements were drawn from a parent
study which evaluated the prevalence of nightmares in mili-
tary personnel with sleep disturbances.25 All patients under-
went our standard diagnostic evaluation, which involves
completing a self-report questionnaire consisting of the ESS,
Insomnia Severity Index (ISI), Pittsburgh Sleep Quality Index
(PSQI), and medical and military history elements. All
patients underwent an attended level 1 in-lab diagnostic poly-
somnogram (PSG). After data collection, study variables were
entered into a de-identified database prior to statistical analy-
sis. Based on the analysis noted below, patients were classi-
fied into four groups, insomnia only, OSA only, COMISA,
and the group with neither insomnia nor OSA (NISA). The
NISA group, which did not meet diagnostic criteria for insom-
nia or OSA served as the control group. This study was
approved by the Wilford Hall Ambulatory Surgical Center
institutional review board.
Validated Clinical Instruments
The ESS is used to assess patients’ sleep propensity. The total
ESS score ranges from 0 (less sleepy) to 24 (more sleepy). A
score >10 indicates excessive daytime sleepiness.12 Self-
reported sleep efficiency was derived from PSQI item 4 by
dividing reported time in bed by reported sleep time. The ISI
was used to assess insomnia symptoms with scores that range
from 0 to 28. A score ≥15 is consistent with clinical insom-
nia.26 Patients with a PSG demonstrating apneas or hypop-
neas with an apnea-hypopnea index (AHI) ≥5/hour were
rendered a diagnosis of OSA. NISA, or the control group,
were individuals with neither OSA (AHI < 5) or insomnia
(ISI < 15) with diagnoses typically of primary snoring or
insufficient sleep. Diagnoses of interest to include depression,
anxiety, posttraumatic stress disorder (PTSD), and traumatic
brain injury (TBI) were obtained from each patient’s medical
record.
Polysomnography
Level 1 PSGs were performed in accordance with American
Academy of Sleep Medicine (AASM) standards within an
AASM accredited lab. Polysomnography was performed with
16 channels, including: electrooculogram, electroencephalo-
gram, electrocardiogram, electromyogram (submental and
bilateral tibial), airflow measurements using both oronasal-
thermal sensors and nasal air pressure transducers, transtra-
cheal sounds via microphone, rib cage and abdominal move-
ment by inductance plethysmography using thoracoabdominal
belts, and continuous pulse oximetry. Studies were scored uti-
lizing the 2012 AASM scoring guidelines with hypopneas
scored as a 30% drop in the nasal pressure from baseline for
at least 10 seconds and associated with an arousal and/or drop
in oxygen saturation by 3%.27 Polysomnographic variables,
to include sleep onset latency (SOL), rapid eye movement
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(REM) onset latency, total sleep time (TST), sleep efficiency
(SE), sleep stages (stage N1, stage N2, stage N3, stage R),
wake after sleep onset (WASO), arousal index, AHI, and
maximal desaturation were analyzed. All PSGs were reviewed
and adjudicated by a board-certified sleep medicine physician.
Statistical Analyses
Initially, all variables underwent descriptive statistical analy-
sis to describe our population in terms of demographic and
PSG characteristics. Multiple regression analysis was used to
assess whether OSA and/or insomnia occurrence were pre-
dicting factors of ESS scores. Model results were adjusted
for age, sex, use of sleep-related medications, TST, and
whether the patient was diagnosed with depression, anxiety,
PTSD, TBI, or chronic pain. Next, we assessed differences
between four patient groups (i.e., insomnia only, OSA only,
COMISA, and NISA). Logistic regression analysis was con-
ducted between patient groups and ESS scores. A receiver
operating characteristic (ROC) analysis was performed to
examine sensitivity, specificity, both positive and negative
predictive value, and the ability of the ESS to detect OSA
and insomnia in the study sample.
Data is presented as mean (M) ± standard deviation (SD).
The criterion for statistical significance was p = 0.05. Using
the Shapiro-Wilk test it was identified that some continuous
variables data violated the assumption of normality. For multi-
ple comparisons between groups we used the non-parametric
Dunn test for joint ranks without control for continuous
variables. To compare sex between patient groups we used
Fisher’s exact test with post-hoc statistical significance




Patient ages ranged from 18 to 66 years (37.7 ± 8.99) with
78.5% being male (Table I). They were predominantly Army
(45.6%) and Air Force (45.2%); 9.2% were Navy/Marines.
Approximately 74% of the military personnel evaluated had
deployed. The average ESS score was 12.6 ± 4.78, with
68.4% of patients reporting excessive daytime sleepiness
(ESS > 10). The average ISI score was 16.5 ± 5.53, with
64.1% of patients having an ISI ≥ 15, consistent with insom-
nia. Table I provides means and SD for self-reported mea-
sures and PSG variables.
Adjusted for confounding factors, multiple regression
analysis (F [11,473] = 5.68, p < 0.001; R2 adjusted = 0.096)
TABLE I. Characteristics of Military Personnel by Patient Group
Entire Sample
(N = 488)
Neither Insomnia nor OSA





Comorbid Insomnia and OSA
(COMISA) (n = 221)
Demographics
Age in years, M ± SD 37.8 ± 9.00 34.9 ± 10.5 38.1 ± 8.89 35.4 ± 9.06 38.9 ± 8.67 A1,C2
Sex (males), # (%) 383 (78.5) 20 (60.6) 122 (85.9) F2 51 (55.4) E3 190 (86.0)A3,C3
Self-reported measures, M ± SD
ESS 12.6 ± 4.75 9.46 ± 4.84 11.5 ± 4.08 13.0 ± 4.84 D2 13.5 ± 4.83 A3,B3
ISI 16.6 ± 5.55 9.82 ± 3.32 10.9 ± 2.78 20.4 ± 3.78 D3,E3 19.6 ± 3.63 A3,B3
Time in bed (hrs) 7.23 ± 1.31 7.50 ± 1.18 7.17 ± 1.09 7.45 ± 1.32 7.12 ± 1.43 C1
Sleep time (hrs) 5.20 ± 1.43 6.50 ± 1.30 5.85 ± 1.08 4.54 ± 1.20 D3,E3 4.88 ± 1.46 A3,B3
Sleep efficiency (%) 73.4 ± 19.0 87.0 ± 12.7 82.8 ± 14.4 62.5 ± 17.6 D3,E3 70.1 ± 19.2 A3,B3,C3
PSG variables, M ± SD
SOL (min) 13.7 ± 18.0 16.9 ± 19.9 12.2 ± 14.6 15.9 ± 24.9 13.2 ± 16.4
REM latency (min) 132 ± 67.2 130 ± 74.0 134 ± 64.9 126 ± 60.0 133 ± 69.5
TST (min) 348 ± 54.2 360 ± 62.1 348 ± 48.0 354 ± 58.0 345 ± 54.7
Sleep efficiency (%) 83.7 ± 11.5 85.0 ± 14.5 83.2 ± 10.9 86.2 ± 12.2 E1 82.8 ± 11.2 C2
N1 (% of TST) 11.8 ± 8.85 9.50 ± 6.89 13.0 ± 10.0 8.31 ± 5.44 E3 12.7 ± 9.03 C3
N2 (% of TST) 54.5 ± 10.3 53.5 ± 7.63 53.9 ± 10.9 55.2 ± 9.79 54.8 ± 10.4
N3 (% of TST) 17.0 ± 9.41 19.2 ± 8.00 16.7 ± 9.40 18.6 ± 9.35 16.3 ± 9.54
REM (% of TST) 16.7 ± 7.28 17.9 ± 5.96 16.4 ± 6.70 17.8 ± 7.09 16.2 ± 7.79
WASO (min) 54.0 ± 39.4 47.5 ± 51.8 58.0 ± 38.2 40.6 ± 34.4 E3 57.7 ± 39.3 C3
Arousal index (events/h) 22.7 ± 14.7 12.0 ± 8.62 25.4 ± 14.7 F3 13.5 ± 6.91E3 26.3 ± 15.0 A3,C3
AHI (events/h) 15.9 ± 16.5 2.33 ± 1.35 19.5 ± 15.6 F3 2.39 ± 1.43E3 21.3 ± 16.9 A3.C3
O2 saturation nadir (%) 82.1 ± 21.8 83.9 ± 21.9 81.0 ± 21.7
F1 86.1 ± 20.7E3 80.6 ± 22.4 A1,C3
Multiple comparisons for continuous variables: Non-parametric Dunn test for joint ranks.
Multiple comparisons for proportions: Fisher’s Exact test with post-hoc statistical significance assessed by the BH-FDR procedure Statistical significance for
differences: “1”: p < 0.05; “2”: p < 0.01; “3”: p < 0.001.
ADifference between “COMISA” and “NISA” groups; BDifference between “COMISA” and “OSA only” groups; CDifference between “COMISA” and
“Insomnia only” groups; DDifference between “Insomnia only” and “NISA” groups; EDifference between “Insomnia only” and “OSA only” groups;
FDifference between “OSA only” and “NISA” groups OSA: Obstructive Sleep Apnea; ESS: Epworth Sleepiness Scale; PSG: Polysomnography; SOL: Sleep
Onset Latency; REM: Rapid Eye Movement; TST: Total Sleep Time; WASO: Wakefulness After Sleep Onset; AHI: Apnea-Hypopnea Index.
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showed that both OSA occurrence (p = 0.010) and insomnia
(p < 0.001) were significant predictors of ESS scores.
Notably, when OSA occurrence was substituted in the model
by severity (three levels based on AHI classification, mild
OSA AHI: 5–14.9/hour; moderate OSA: 15–29.9/hour;
severe OSA: AHI > 30 hour), then OSA severity was not a
statistically significant predictor factor (p = 0.069).
Based on their diagnostic evaluation, patients were classi-
fied in four groups. The NISA group included 33 patients,
none of which had depression, anxiety, PTSD, mTBI, or
chronic pain. In the group of patients diagnosed with insom-
nia only (n = 92) the following service-related illnesses were
present: anxiety (n = 32), depression (n = 27), pain (n =
20), PTSD (n = 15), and mTBI (n = 6). In the OSA only
group (n = 142) the following comorbid diagnoses were
present, pain (n = 15), anxiety (n = 12), depression (n = 9),
PTSD (n = 8), and TBI (n = 6). Lastly, patients with
COMISA had (n = 221) had the following: anxiety (n = 74),
depression (n = 65), PTSD (n = 64), pain (n = 62), and
mTBI (n = 27).
When compared to the control group (NISA; 9.46 ±
4.84), the average ESS score significantly differed from
patients with insomnia (13.0 ± 4.87, p = 0.004, r = 0.306)
and COMISA (13.5 ± 4.86, p < 0.001, r = 0.275). In con-
trast, the average ESS score did not differ between the control
and OSA only groups (11.5 ± 4.09, p = 0.326, r = 0.146), or
between the insomnia only and COMISA groups (p > 0.90, r
= 0.055). Symptoms of sleepiness in OSA patients were mar-
ginally different from patients with insomnia only, with the
insomnia only patients reporting greater sleepiness by the
ESS (p = 0.097, r = 0.157).
Figure 2 depicts the quantile box plot of the ESS scores
by patient group. The lower horizontal line in each box
represents the 25th percentile, whereas the upper horizontal
line is the 75th percentile. The horizontal line in the box is
the median value. The upper end of the vertical line in each
box extends to the outermost data point that falls within the
distance computed as 75th percentile +1.5*(interquartile
range), whereas the lower end of the vertical line extends to
the outermost data point that falls within the distance com-
puted as 25th percentile −1.5*(interquartile range). The
interquartile range refers to difference between the 75th and
the 25th percentile. If the data points do not reach the com-
puted ranges, then the vertical lines are determined by the
upper and lower data point values. The horizontal dashed
line denotes the existing cut-off criterion of an ESS score
equal to 10.
Assessing the Utility of ESS scores
Using the ESS > 10 established cut-off criterion, 68.4% of
patients in the entire sample had EDS. Specifically, 61.3% of
the patients in the OSA only group had EDS, 67.4% of the
patients in the insomnia only, and 76.8% in the COMISA
group. A recursive logistic regression analysis followed by
ROC analysis was used to assess the utility of ESS in order
classify patients between different groups. Analysis showed
the significant association between ESS scores in patients
FIGURE 2. Epworth Sleepiness Scale scores by patient group.
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with insomnia only, and patients with OSA only (X2 (1) =
5.90, p = 0.015). The ROC analyses led to an area under the
curve (AUC) of 0.59 (bootstrap 95% CI = [0.52, 0.66]).
These results imply that there is 59% likelihood that a ran-
dom participant who met diagnostic criteria for insomnia
only would have a higher ESS score than a participant with
OSA only. The results of this analysis are shown in Table II.
DISCUSSION
The ESS was developed to assess self-reported sleepiness
but is also frequently used to determine the pre-test probabil-
ity of OSA.29–33 As such, the objective of this study was to
determine the clinical utility of the ESS in differentiating
amongst sleep disorders in military personnel. While ESS
scores were found to vary in military personnel with differ-
ent sleep disorders, this questionnaire did not have a good
ability to discriminate between the most common sleep dis-
orders. Specifically, there is only a 59% chance that the ESS
score would differentiate a patient with insomnia from one
with OSA, which is close to pure chance.
Previous studies have found a correlation between the
severity of sleep disordered breathing and ESS scores (i.e., a
higher AHI correlated with a higher ESS) which was not
present in our cohort.12,34 Further, individuals diagnosed
with OSA, a sleep disorder associated with EDS, typically
present with higher ESS values compared to those with
insomnia.12 Interestingly, patients in our study diagnosed
with insomnia only or COMISA had significantly higher
ESS scores compared to those with OSA only. To our
knowledge, potential reasons for the finding of an elevated
ESS in patients with insomnia compared to those with OSA
have not been previously addressed and thus will be dis-
cussed here within the context of military personnel with
sleep disorders.5,35
The higher ESS scores in patients with insomnia compared to
those with OSA are not consistent with the previously published
results identified amongst civilians.12,20,21,36,37 Specifically, civi-
lians with insomnia do not usually report abnormal sleepiness,
especially to a greater degree than patients with OSA. For exam-
ple in a cohort of middle-aged adults with insomnia, their aver-
age ESS was slightly less than 10 (normal)38 compared to the
military patients with an average score of 13. Yet, similar find-
ings of higher ESS scores in military patients with insomnia as
compared to those with OSA have been reported.27 The most
likely etiology for the finding of higher ESS scores in military
personnel with insomnia compared to their civilian counterparts
is their habitual sleep duration. In our study both the insomnia
and COMISA patients reported less than 5 hours of sleep com-
pared to the study by Reid et al. where the patients with insomnia
reported approximately 7 hours. Previous studies have assessed
patients with insufficient sleep, in the 6- to 7-hour range39, but
not to the degree reported in our cohort. Another consideration is
that while the ESS is not a measure of fatigue, scores have been
correlated with depression and anxiety in adults.40
There are several high-quality psychometric reviews of
the ESS. Notably, the ESS has not been psychometrically
validated in a cohort with this degree of short sleep duration.
In a recent meta-analysis of ESS studies, only three studies
were identified that addressed a population with insomnia
patients. Two of the studies reported mean ESS scores in
patients with insomnia, both of which were substantially
lower (6.1 ± 3.6 and 2.2 ± 2.0 respectively)12,41 when com-
pared to our military cohort. Typically, scores are interpreted
within the context of individuals with chronic insomnia or
psychophysiological insomnia,12 and not necessarily indivi-
duals with other comorbidities. Military personnel with sleep
disorders frequently have co-morbid behavioral health condi-
tions such as PTSD, anxiety and depression35 as was noted
in our cohort. The potential contributions of these comorbid
disorders and the medications which are frequently used to
treat them, such as selective serotonin re-uptake inhibitors
which can cause sedation, are other factors which could
have contributed to the elevated ESS scores.
TABLE II. Logistic Regression and ROC Analysis Results When Comparing Patient Groups
OSA Only Versus
Insomnia Only Versus COMISA Versus
NISA NISA OSA Only NISA OSA Only Insomnia Only
Model
X2 6.16 11.9 5.90 18.3 16.0 0.866
p-value 0.013 <0.001 0.015 <0.001 <0.001 0.352
n 175 125 234 253 362 312
Nagelkerke R2 0.036 0.083 0.019 0.094 0.033 0.002
ROC results
AUC (95% CI) 0.63 (0.52–0.74) 0.69 (0.57–0.78) 0.59 (0.52–0.66) 0.73 (0.63–0.81) 0.63 (0.57–0.69) 0.53 (0.50–0.60)
ESS cut-off score 9 14 14 13 13 11
Sensitivity 79% 53% 53% 29% 62% 77%
Specificity 45% 79% 64% 88% 58% 33%
PPV 86% 88% 49% 94% 70% 73%
NPV 33% 38% 68% 16% 50% 37%
Correct classification 73% 60% 60% 37% 61% 64%
AUC: area under the curve; PPV: positive predictive value; NPV: negative predictive value.
Epworth Sleepiness Scale Utility in the Military
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Whether short sleep duration and psychological factors
work individually or synergistically to increase sleepiness is
unknown. However, we posit that both may play a role in
the elevated ESS scores seen in our insomnia patients in our
military cohort.15 This is not to definitively state that psycho-
logical factors are the root cause of insomnia; however, there
is a strong association between behavioral medicine disor-
ders and insomnia. In military personnel with insomnia,
while they manifest the characteristic difficulties of falling
asleep, staying asleep and awakening too early they also fre-
quently have abnormal daytime sleepiness. What can be sug-
gested based on our analyses is that an elevated ESS is
indicative of OSA, Insomnia, or COMISA.
Limitations
There are several limitations to our study that should be
addressed. First, our study cohort consisted of military per-
sonnel referred to the sleep clinic leading to a referral bias.
The majority of the military personnel included in the study
were males in the U.S. Army and Air Force, with the Navy
and Marine Corps personnel being only 9% of our sample.
Thus, our results may not necessarily represent the military
population in the aggregate. Previous studies, in which the
ESS was validated, were on normal individuals (i.e., not
referred for a sleep evaluation). The NISA group, which was
our control group, are not true controls in that it consisted of
patients who were referred for concerns with their sleep.
However, as the NISA group had normal scores on the ISI, a
normal AHI, relatively normal PSG parameters and self-
reported sleep duration of 6.5 hours, we propose they would
be representative of a typical military service member.
Finally, associated illnesses were determined by their pres-
ence in the medical record and do not necessarily represent
definitive diagnoses. However, all data collected along with
PSGs obtained, were done in a standardized manner.
CONCLUSIONS
Sleep is an important behavior that impacts military readi-
ness, whereas sleepiness can negatively impact the duty per-
formance and mission accomplishment of military personnel.
Given the results of the current study, the ESS does not
appear to be a good discriminator between military personnel
with OSA and insomnia but rather, the ESS scores are higher
amongst service members with insomnia. Future research
should assess the relationship between sleep duration and
comorbid behavioral medicine diagnoses as these factors
may explain the variations in ESS results in military person-
nel compared to civilians. Further research is needed to vali-
date the ESS and determine an appropriate threshold value
for excessive sleepiness in military personnel. Finally, if a
patient has elevated scores on the ESS, our results suggest
that the patient should be evaluated for not only OSA, but
insomnia as well.
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